CONTEXT AND OBJECTIVE: Bacterial vaginosis occurs frequently in pregnancy and increases susceptibility to sexually transmitted infections (STI). Considering that adolescents are disproportionally affected by STI, the aim of this study was to evaluate the cervicovaginal levels of interleukin (IL)-1 beta, IL-6, IL-8 and bacterial sialidase in pregnant adolescents with bacterial vaginosis. DESIGN AND SETTING: Cross-sectional study at mother and child referral units in Belém, Pará, Brazil.
INTRODUCTION
Bacterial vaginosis is the most common type of abnormal vaginal flora and it is frequent in both pregnancy and adolescence. [1] [2] [3] In bacterial vaginosis, vaginal lactobacilli are replaced by other bacterial species, mostly anaerobes. 4 It has been consistently shown in the literature that bacterial vaginosis is strongly associated with increased risk of preterm delivery and acquisition of sexually transmitted infections (STIs). 1, [5] [6] [7] The mechanisms underlying the associations between bacterial vaginosis and poor pregnancy outcomes and higher vulnerability to STIs remain to be addressed, but it is well established that alterations to vaginal immunity play a crucial role in them. 8, 9 In fact, pregnancy and adolescence are both conditions associated with changes to the levels of immune mediators in the lower genital tract. [10] [11] [12] Typically, bacterial vaginosis is associated with increased cervicovaginal levels of interleukin (IL)-1 beta, but in pregnant women the levels of IL-6 and IL-8 are also elevated in the presence of bacterial vaginosis. [13] [14] [15] [16] There is still a lack of information in the literature regarding the immune response to bacterial vaginosis in adolescents. However, it has already been demonstrated that the vaginal fluids of adolescents present altered levels of several immune mediators and show lower antimicrobial activity in vitro, in comparison with adults.
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These findings are particularly important given that this population is disproportionally more affected by STIs.
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Higher vaginal sialidase levels are another factor associated with increased vulnerability to STIs during bacterial vaginosis.
Bacterial sialidase is capable of degrading local immunoglobulins and consequently compromising the local immune defense. 18 Additionally, elevated vaginal sialidase levels in early pregnancy has already been correlated with elevated risk of occurrence of spontaneous preterm labor. 19 Considering the importance of balanced vaginal immunity for protecting the lower genital tract against STIs, better understanding of the local response to bacterial vaginosis in pregnant adolescents may contribute towards new strategies for preventing infection in this highly vulnerable population.
OBJECTIVE
The objective of the present study was to evaluate the cervicovaginal levels of the proinflammatory cytokines IL-1 beta, IL-6 and IL-8 and bacterial sialidase in pregnant adolescents with bacterial vaginosis. All the participants were accompanied by a family member or partner who was older than 18 years and signed a written consent statement.
METHODS
The inclusion criteria were that the patient needed to be preg- USA), in accordance with methods detailed previously. 13, 15 In both the cytokine and the sialidase assays, samples were tested in duplicates and, if the measured concentration was above the standard curve, the samples were diluted and retested. The intra and interassay variability rates were < 11.0%. The minimum detectable levels for IL-1 beta, IL-6, IL-8 and sialidase assays were, respectively, 0.1 pg/ml, 1.1 pg/ml, 15.9 pg/ml and 0.2 ng/ml.
Out of the 168 adolescents initially recruited, those who Comparisons of discrete and continuous variables between the groups were made respectively using the chi-square test or
Fisher's exact test and the nonparametric Mann-Whitney test.
Cytokine and sialidase levels were compared using the MannWhitney test. All analyses were performed using the GraphPad Prism 5.0 software (GraphPad, CA, USA), considering P < 0.05 to be statistically significant. Although no minimum sample size was calculated during the study design phase, a post-hoc analysis showed that the sample had a minimum test power of 85%, considering the IL-1 beta and IL-8 levels found in the cervicovaginal samples from subjects with normal flora and bacterial vaginosis.
RESULTS
The sociodemographic, behavioral and clinical characteristics of the 120 adolescents enrolled are shown in Table 1 . Most of them reported that they were married or cohabiting with a partner 
DISCUSSION
In this cross-sectional study, we determined the cervicovaginal levels of proinflammatory cytokines and sialidase in pregnant adolescents with bacterial vaginosis living in the northern region of Brazil and compared these levels with those with normal lactobacilli-dominated flora. To our knowledge, this is the first report on the inflammatory response to bacterial vaginosis among pregnant adolescents.
We are aware of the limitation that this study presents through not having an initial estimate for the sample size. However, posthoc analysis produced a satisfactory power test based on the levels of the two cytokines quantified. Therefore, we believe that this limitation does not hamper the findings shown here. Recent studies have pointed out that vaginal immunity is compromised by disrupted vaginal flora, thereby leading to higher susceptibility to STI acquisition and transmission. 7, 22 Another noteworthy finding is that adolescents have vaginal immunityrelated mediators with a composition that differs from that of adults' mediators and consequently may respond differently to changes in the composition of the vaginal flora. 12 In the present study, all cervicovaginal infections and alterations other than bacterial vaginosis were excluded, since they could act as potential confounders for cervicovaginal cytokine and sialidase levels. 23, 24 Our population was homogeneous between the two study groups, not only regarding sociodemographic variables but also in relation to the gestational age at the time of enrollment.
It has been consistently shown in the literature that cervicovaginal IL-1 beta levels increase in response to bacterial vaginosis in non-pregnant 3,15,25 and pregnant women, 16 which is in agreement with our current data on pregnant adolescents. IL-1 beta is crucial for the initial immune response to pathogens, but higher levels of this cytokine in the vaginal milieu increase the vulnerability to STI acquisition. 8 Non-pregnant adolescents have significantly higher IL-1 beta levels, and this has been proposed as one of the mechanisms involved in the higher prevalence of
STIs in this population.
12
Data on vaginal IL-6 in the literature have shown that there is an association between increased levels of this cytokine in situations of aerobic vaginitis, but not of bacterial vaginosis. 13, 24 However, it has already been demonstrated that IL-6 levels are higher in pregnant women with bacterial vaginosis than in non-pregnant women with bacterial vaginosis. 16 Recently, Balkus et al. 10 failed to demonstrate any independent association between increased vaginal IL-6 levels and either pregnancy or bacterial vaginosis.
However, they found that non-pregnant adolescents had higher IL-6 levels than those of adults. 12 Our data provide the new information that IL-6 levels are even higher in pregnant adolescents with bacterial vaginosis.
Normally, IL-8 levels do not increase in situations of bacterial vaginosis, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] which explains the unchanged number of leukocytes in vaginal smears, in comparison with normal flora. 26 On the other hand, this scenario changes when pregnant women with bacterial vaginosis are evaluated in relation to non-pregnant women with the same floral alterations, such that significantly higher IL-8 levels are seen in pregnancy. 16 According to Balkus et al., increased IL-8 levels were independently associated with both pregnancy and bacterial vaginosis. 10 No change in cervicovaginal IL-8 levels has been associated with adolescence so far. 12 Thus, based on data on the literature, we suggest that the increased cervicovaginal IL-8 levels reported
here may have been due to pregnancy status rather than the younger age of the population.
Bacterial sialidase is produced by several microorganisms associated with bacterial vaginosis 27 and it degrades local immunoglobulins, thereby leading to impairment of the local immune response. 18 In agreement with previous findings, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] the present study showed that sialidase was mostly detectable in situations of abnormal vaginal flora. This finding is particularly important 
CONCLUSION
Bacterial vaginosis is associated with a pronounced local inflammatory response and increased sialidase levels in pregnant adolescents, thereby contributing towards higher susceptibility of this population to STIs.
